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摘  要 




















选取 1.5~2%的琼脂糖溶液作为液滴 PCR 的反应体系进行单分子液滴 PCR，并
对扩增后的微球进行荧光显微拍照和快速、准确的 FACS 分析。扩增产物的实










































Droplet PCR (or Emulsion PCR，ePCR) enables single-molecule and single-cell 
detection by encapsulating single copy of template with other PCR reagents (primers, 
DNA polymerase, dNTPs, etc.) in water-in-oil droplets where the template can be 
amplified, followed by chemiluminescence or fluorescence analysis. ePCR has been 
widely used in the area of rare mutant detection, gene expression, next-generation 
sequencing and other fields of biological study. To achieve highly efficient and 
high-throughput single molecule/cell detection, while eliminating the disadvantages 
of traditional ePCR, such as lack of uniformity, low PCR efficiency, low generation 
efficiency of effective droplets containing single copy of template, and the 
requirement of complicated manufacturing techniques for on-chip PCR andreal-time 
detection, we introduce an agarose emulsion microfluidic method for uniform ePCR. 
This dissertation used ultra-low gelling agarose solution containing PCR reagents to 
generate uniform-sized agarose-in-oil droplets at room temperature on a simple 
microfluidic chip. After PCR, agarose droplets can be transformed to agarose gel 
beads to trap all amplicons in each droplet reactor by cooling. After stained with 
SYBR Green dye, these agarose microbeads were then analyzed by fluorescence 
microscopy or FACS, which is faster and more precise.  
Based on this design, we fabricated a flow-focusing microfluidic glass chip. 
Uniform and controllable-sized agarose droplets were produced by injecting 
ultra-low gelling agarose solution as an aqueous phase into a carrier oil to form 
water-in-oil emulsion on the chip. Agarose droplets by cooling, oil processing can be 
formed by agarose gel microspheres. We performed a characterization study of 
agarose emulsion as well as agarose microbeads which were transformed from 
agarose droplets by cooling and removing oil. Results showed a good thermal 
stability of agarose emulsion and a good mechanical strength of agarose microbeads. 















conjugation, which can capture all amplicons in agarose microbeads, whilst avoiding 
low PCR efficiency caused by amplifying on the solid surface of magnetic beads in 
the BEAMing method. We studied the effect of agarose concentration on PCR 
efficiency and chose an agarose solution with a concentration of 1.5~2% to form 
droplet PCR reactors and realized single copy DNA amplification in agarose droplets. 
Agarose microbeads containing amplicons were stained and analyzed by 
fluorescence microscopy and FACS. Q-PCR results of the amplification products 
showed that PCR efficiency higher than 90% can be obtained under agarose-in-oil 
droplet condition. 
We applied agarose emulsion microfluidics to single pathogenic bacteria cell 
detection, overcoming the limitation of time-consuming, low throughput and low 
sensitivities typical of conventional plate culture detection. We achieved highly 
efficient and high-throughput single live E.coli cell detection by combining 
microfluidics and FACS. The results suggest the potential significance of this 
method in single cell expression study. In addition, we developed a novel method to 
synthesize polyacrylamide conjugated primer with high yield, which can be used for 
the sensitive detection of single pathogen cell from high background bacteria 
samples. 
The novel agarose droplet method developed in this study allows uniform, 
massively parallel, highly efficient monoclonal amplification and holds great 
potential for a variety of applications such as rare mutant detection, next-generation 
high-throughput sequencing, early diagnosis of tumor cells, as well as other fields of 
modern biotechnology in addition to droplet PCR, for example, the study of 
single-molecule enzyme activity, single cell expression, and SELEX, etc. 
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旋转，在 F1- ATPase 中亚基转动的研究中，Nagi 与 Adachi 等人发现了酶分子的















































现，每 7.5 mL 的全血中含有大于 5 个循环肿瘤细胞的病人的无恶化生存期的中
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